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A code division multiple access downlink receiver 



(57) A code division multiple access downlink re- 
ceiver is disclosed for providing wireless communication 
between a base station and a mobile station in which 
the receiver is implemented. The receiver comprises a 
cell searcher for receiving at least one signal from the 
base station and retrieving therefrom a common code 
relating to a cell, and a code generator for generating a 
set of common and dedicated codes relating to at least 



one communication channel using the output of the cell 
searcher. The receiver also comprises a path searcher 
for receiving the at least one signal and performing a 
search for multiple paths by which the at least one signal 
arrives at the receiver, and a canceller for canceling data 
in the at least one communication channel from the at 
least one signal based on the output of the code gener- 
ator and path searcher. 
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Description 
Field Of Invention 

5 [0001] The present invention relates generally to wireless communications systems, and more particularly to wireless 
communications receivers in code division multiple access (CDMA) systems. 

Background 

10 [0002] Wireless communications systems are becoming the preferred choices for the provision of transmission serv- 
ices for digital voice, video and data. Code division multiple access (CDMA) technology is one of the effective wireless 
access technologies for supporting variable and high data rate transmission services. As an example, wideband CDMA 
(WCDMA) is adopted in the standardization of the third generation partnership project (3GPP). 
[0003] It is therefore envisaged that there is substantial business potential in the provision of Internet services through 

15 wireless communications. In the wireless Internet domain, most of the data is transferred from a base station (BS) to 
a mobile station (MS), thus making downlinks the dominant traffic link in the wireless Internet domain. This situation 
is also true of other data transmission applications, e.g., wireless multimedia communications. Therefore, it is important 
that the performance of downlinks in wireless communications systems, in particular CDMA-based systems, is im- 
proved. 

20 [0004] In the downlinks of CDMA-based systems, all mobile stations within the same cell or sector use the same 
frequency bands and time slots but different spreading codes for data transmission. Spreading codes consist of two 
layers of codes, namely long scrambling and short channelization codes. The long scrambling codes are common 
codes assigned to all mobile stations within the same cell or sector. However, the mobile stations are allocated unique 
short channelization codes which are dedicated codes orthogonal to each other. To support multi-data rate transmis- 

25 sions in CDMA-based systems, two spreading methods may be used, namely the multi-code (MC) and orthogonal 
variable spreading factor (OVSF) methods. 

[0005] Communication channels allocated to the mobile stations are referred to as downlink traffic channels (DTCHs), 
through which data symbols intended for the respective mobile stations are conveyed. In order to establish and maintain 
the connections between the base stations and mobile stations, common channels, namely a common pilot channel 

30 (CPICH) and a common control channel (CCPCH), are also allocated to each cell or sector for conveying the relevant 
information shared by all the mobile stations within the same cell or sector. The data symbols conveyed by DTCHs, 
CPICH and CCPCH are orthogonally spread using spreading codes into data-bearing spread signals, then synchro- 
nously multiplexed, and finally transmitted through the same physical medium as a transmitted signal. In multi-data 
rate transmissions, the orthogonality among the spreading codes for low- and high-data rate DTCHs and the CPICH 

35 and CCPCH is maintained. 

[0006] Since the information conveyed by CPICH and CCPCH is intended for and used by all mobile stations in the 
same cell or sector, the data symbols transmitted by these common channels are therefore detectable by all these 
mobile stations. On the other hand, the information conveyed by a particular DTCH is only intended for a particular 
mobile station. Pre-processing technology, such as downlink beamforming technology being applied at the base sta- 

40 tions, may be used to ensure that the spread signal in a DTCH is transmitted to a mobile station to which the DTCH 
is dedicated while limiting any interference pollution which affects the other mobile stations. 

[0007] FIG. 1 shows a block diagram of a conventional CDMA downlink transmission system, in which all downlink 
spread signals in the common channels CPICH 102 and CCPCH 104, and the various dedicated channels DTCHs 106 
are summed and transmitted as a transmitted signal through the same wireless channel 1 07. This transmitted signal 

45 is then received by the respective mobile stations as a received signal using a CDMA receiver. FIG. 2 illustrates a block 
diagram of another conventional CDMA downlink transmission system in which the spread signals in the common 
channels CPICH 202 and CCPCH 204 are summed and transmitted as one transmitted signal through a wireless 
channel 207 A, while the spread signal in a dedicated channel DTCH 206, for example DTCH(0) 206, arrives at a 
corresponding CDMA receiver separately as another transmitted signal through a wireless channel 207B because of 

so the use of a beamformer BF(0). In spreader units 108 and 208 of both CDMA downlink transmission systems shown 
in Figs.1 and 2, respectively, spreading processes are carried out in which long scrambling codes (LC), which are 
common for all mobile stations within the same cell or sector, and short orthogonal codes (C(/c;n)), each of which is 
unique to each Mh communication channel, are multiplied with data symbols to be transmitted in the respective com- 
munication channels to form the respective spread signals. In the CDMA downlink transmission system of FIG. 2, each 

55 DTCH 206 is assigned a dedicated downlink beamformer in which the corresponding spread signal is multiplied with 
a beamforming weight consisting of a complex number. The different beamforming weights are chosen such that the 
spread signal in each DTCH 206 is transmitted to each corresponding mobile station while limiting any interference 
pollution to the other mobile stations. The beamformer outputs from each DTCH 206 are then combined by a combiner 
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212, the outputs of which are then transmitted using multiple antenna elements 214. With the addition of downlink 
beamformers, each DTCH 206 spread signal arrives at a CDMA receiver in the corresponding mobile station through 
a different wireless channel. For example, a wireless channel 207B provides the transmission medium by which the 
spread signal corresponding to DTCH(O) 206A is transmitted from the base station to the CDMA receiver. 

5 [0008] There may be many tall obstacles such as buildings and hills situated between the base station and a mobile 
station, and a wireless channel is therefore well modeled as a wide-sense stationary uncorrected scattering (WSSUS) 
channel. In the CDMA downlink transmission system shown in FIG.1 , a transmitted signal arrives at a mobile station 
together with several time-delayed, amplitude-scaled variants of the transmitted signal which travel along multiple 
paths in the wireless channel. The CDMA receiver resolves the multipath wireless channel into several paths which 

10 convey these multipath signals known as rays, the time delays of which are multiples of a spread signal chip interval 
T a and each ray is subject to statistically independent Rayleigh fading. The resolved ray with time delay r represents 
a group of multipath signals with time delays over an interval [x - x + TJ2\. If there is only one resolved ray, a 
frequency non-selective fading channel is observed. However, if there is more than one resolved ray, the wireless 
channel is called a frequency selective fading channel. A conventional CDMA receiver in the mobile station employs 

is a Rake combiner to coherently combine the despread outputs obtained from the delayed rays determined by a path 
searcher. 

[0009] FIG. 3 illustrates a block diagram of a conventional Rake receiver 300 in a mobile station for CDMA downlink 
reception. The Rake receiver 300 includes a cell searcher 302, a code generator 304, a path searcher 306, a number 
of despreaders 308A to 308N, a combiner 31 0, and a signal detector 31 2. 

20 [0010] In the Rake receiver 300, the cell searcher 302 receives a received signal and any corresponding ray from a 
CDMA base station, and retrieves therefrom long scrambling codes relating to a cell or sector in which the Rake receiver 
300 operates, and parameters relating to cell and frame synchronization. A typical parameter relating to frame syn- 
chronization is, for example, time delay information relating to the first resolved ray. The code generator 304 by using 
the long scrambling codes retrieved by the cell searcher 302 generates a combination of long scrambling codes and * 

25 short channelization codes known as spreading codes, relating to the common channels CPICH, CCPCH and the . 
DTCH dedicated to the mobile station. The path searcher 306 then using data symbols intended for the CPICH, the 
long scrambling and short channelization codes, and the received signal, provides the time delay parameters of several 
rays with largest received powers known as selected rays. The despreaders 308A to 308N then despread the received 
signals on a ray-by-ray basis using the retrieved spreading code allocated to the mobile station and the time delay 

30 parameters obtained by the path searcher 306. In the combiner 310, the despread output corresponding to each se- 
lected ray relating to the received signal is time-aligned using the time delay parameters obtained by the path searcher 
306, and then coherently combined with the aid of channel estimates for each ray obtained from pilot symbols embedded 
in the corresponding DTCH or CPICH. The signal detector 312 then recovers from the output of the combiner 310 the- 
data symbols in the mobile station. 

35 [001 1 ] There are several disadvantages associated with a conventional Rake receiver in a mobile station for CDMA 
downlink reception. Firstly, inter-finger interference (IFI) due to multipath propagation and multiple access interference^ . 
(MAI) due to other mobile stations are inherent in the Rake receiver. Secondly, when power control is applied in CDMA 
downlink systems involving the Rake receiver, the average transmitted power of transmitted signals to mobile stations 
within the same cell or sector is required to be the same, no matter whether the mobile stations are close to or far away 
from the base station. This causes high inter-cell interference, and degrades the multi-cell capacity for CDMA downlink 
systems. On the other hand, the performance of the Rake receiver also depends on the accuracy of the path searcher 
in the Rake receiver. If the path searcher does not give a good estimation of selected rays, the performance of the 
Rake receiver degrades significantly. 

[0012] For CDMA downlink transmissions, IFI and MAI are essentially caused by a wireless channel with a large 
« delay spread, which is termed as a frequency selective fading channel. In order to improve the performance of CDMA 
downlink transmissions, receivers that provide for suppression of IFI and MAI are needed. Because transmitted signals 
intended for mobile stations are synchronously multiplexed and the channelization codes are orthogonal, and if the 
wireless channel is a frequency non-selective fading channel, data symbols may be recovered at the mobile stations 
free of IFI and MAI using a simple despreader. When the delay spread is large, a frequency selective fading channel 
so may be transformed into a frequency non-selective fading channel through channel equalization. Therefore, channel 
equalization methods may be used to restore the orthogonality of the DTCH, CPICH and CCPCH spreading codes, 
and to suppress IFI and MAI. 

[001 3] FIG.4 shows a block diagram of a conventional equalization receiver 400 in a mobile station for CDMA down- 
link transmission. The conventional equalization receiver 400 includes a cell searcher 402, a code generator 404, a 
55 path searcher 406, a despreader 408, an equalizer 409, and a signal detector 412. 

[0014] In the equalization receiver 400, the cell searcher 402 receives from a CDMA downlink system received 
signals using multiple antennas that may employ oversampling and any corresponding rays, and retrieves therefrom 
long scrambling codes relating to a cell or sector in which the equalization receiver 400 operates, and parameters 
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relating to cell and frame synchronization. The code generator 404 using the long scrambling codes r*™""4£» 
ceS searcher 402, generates a combination of long scrambling and short channelization codes known as spreading 
codes relating to the common channels CP.CH, CCPCH and the corresponding DTCH required by ^ 
The path searcher 406 then using the data symbols intended for the CPICH, the long scrambling and 4™""™*- 
zatfon codes, and the received signals, provides thetime delay parameters of several W<^^"^>""£ 
1001 5] The equalizer 409 is described in greater detail with reference to FIG. 5, where there are M phys.ca channels 
obtained using multiple receiver antennas that may employ oversampling, each channel having a linear finite impulse 
response (FIR) hin) with maximum delay with L sampling intervals. For example, M = 4 physical channels may be 
achieved via four receiver antennas without over-sampling , or via two receiver antennas, each of which employs 

rOoTe? Tn^hTeTuaTzer 404, there are M linear FIR filters 502, g,{n), each corresponding to a physical channel with 
response h,<n). During operation, a received signal received via a physical channel/ is passed to into a corresponding 
FIR filter 502 of length Q thereby producing a filtering output. A signal combiner 504 then sums the output from each 
FIR filter 502. generating a signal z(n) for further processing by the despreader 408. Equalizer coefficient i«d»l» 
equalizer 409 may be obtained, for example by minimizing the difference, us.ng the minimum 
(MMSE) method, between the overall equalization output z(n) and delayed variant of the received signal x(n . - u) 
where u is known as a reference timing. The path searcher 406 provides the reference timing required by the equalizer 

?0°0 9 17| Un Te P despreader 408 then despreads the output of the equalizer 409 using the spreading codes allocated to 
the mobile station The signal detector 41 2 then recovers from the output of the despreader 408 data symbols intended 

looiTl^enerX^wo kinds of equalization methods have been proposed, namely chip equalization and symbol 
Lqualization methods. The chip equalization methods include the ideal chip zero-forcing (ZF equahzer art I MMSE 
equalizer methods. These methods seek to recover the transmitted signal intended for a mob'te stetion ^ thus are 
required to work well in low signal-to-noise ratio (SNR) environments, especially for highly loaded CDMA downhnk 
3ms The Griffths algorithm, which is a modification of the least-mean-square (LMS) algorithm, ,s used to recover 
overall transmitted signals. Even though this method relates to a higher working SNR, the Performance hereof, how- 
ever depends on how good the channel estimates are. When downlink beamform.ng is applied at the base stations 
me spread signal in the CPICH is transmitted through a physical channel different from another physical channel 
transmitting the spread signal intended for the corresponding DTCH. Thus channel estimates based on , he .spread 
signal in the CPICH are not applicable. On the other hand, the channel estimates based on the ™b.le station < def- 
eated pilot symbols are not accurate when the transmitted power for the mobile station's corresponding DTCH is much 
weaker than the others. As a result, there is limited application of Griffth's algorithm in CDMA downlink 
[00191 The symbol equalization method is based on the minimization/maxim.zat.on (M.n.-Max) equalization tech- 
nique which makes use of the spreading codes allocated to a mobile station and other which are unused spreading 
codes in a cell or sector. The Mini-Max technique is based on the criterion that with perfect ZF equalization, °esp^ad,ng 
Sing the mobile station's spreading codes shou.d recover the mobile station's data symbols, while , the ^resu t of de^ 
spreading using the unused spreading codes should be null. Therefore, such a technique involves the generation of 
equalized coefficients by minimizing the total power of despread outputs based on the unused spreading cc^and 
maximizing the power of the despread output based on the mobile station's spreading codes. This technique is ^mrted 
in application when the mobile station is not provided with information relating to the unused spreading codes and 
when the CDMA downlink system is fully loaded and therefore there are no unused spreading codes. Or . he > other 
hand, the performance of this method depends on the strength of the transmitted signal intended for the ™bHe s ation 
in comparison with the transmitted signals intended for the other mobile stations. In fact, the perfomnance degrades 
significantly when the transmitted signal intended for the mobile station is weaker than the transmitted signals intended 

TOMOr'Atterareiraradaptive symbol equalizer is proposed, which applies the minimum m ean-squar^error 
MMSE) optimization criterion and uses the data symbols intended for the CPICH as a reference s.gnal. The adapt ve 
symbol equalizer updates equalizer coefficients by minimizing the difference between the equahzat.on outputs and the 
CPICH data symbols using the optimization MMSE criterion, and equalizes the transmitted s.gnal intended for the 
DTCH corresponding to a mobile station using the same equalizer coefficients. This method is conceptually apphcab.e 
for time-varying environments. However, when downlink beamforming technology is employed .n the base station ^the 
data symbols in the CPICH and DTCH are transmitted through different physical channels. As a result, the ^optimal 
MMSE equalizer coefficients for the data symbols in the CPICH are theoretically different from those for the data 
symbols I the DTCH. On the other hand, when transmission diversity is applied, the CPICH I employs a different trans- 
mission diversity method from the other downlink physical channels, and therefore th.s further shows that us ng the 
data symbols in the CPICH as reference signals for updating the equalization coefficients is not a practical solut.on for 
DTCHs. 
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[0021] There is therefore clearly a need for improved receivers such as Rake and equalizer receivers for CDMA 
downlink transmission for addressing the foregoing problems or disadvantages inherent in conventional Rake or equal- 
izer receivers or methods therefor, and in particular, for achieving power savings, capacity enhancement, and through- 
put increment for CDMA downlink transmission. 

5 

Summary 

[0022] In accordance with a first aspect of the invention, a code division multiple access downlink receiver is described 
for providing wireless communication between a base station and a mobile station in which the receiver is implemented. 

10 The receiver comprises a cell searcher for receiving at least one signal from the base station and retrieving therefrom 
a common code relating to a cell, and a code generator for generating a set of common and dedicated codes relating 
to at least one communication channel using the output of the cell searcher. The receiver also comprises a first path 
searcher for receiving the at least one signal and performing a search for multiple paths by which the at least one signal 
arrives at the receiver, and a canceller for canceling data in the at least one communication channel from the at least 

is one signal based on the output of the code generator and first path searcher. 

[0023] In accordance with a second aspect of the invention, a code division multiple access downlink reception 
method is described for providing wireless communication between a base station and a mobile station in which a 
receiver employing the method is implemented. The method comprises the steps of receiving using a cell searcher at 
least one signal from the base station and retrieving therefrom a common code relating to a cell, and generating using 

20 a code generator a set of common and dedicated codes relating to at least one communication channel using the 
output of the cell searcher. The method also comprises the steps of receiving using a first path searcher the at least 
one signal and performing a search for multiple paths by which the at least one signal arrives at the receiver, and 
canceling using a canceller data in the at least one communication channel from the at least one signal based on the 
output of the code generator and first path searcher. The method further comprises the steps of receiving using an 

25 equalizer the output of the canceller and code generator for equalizing the output of the canceller, and receiving using . 
a despreader the output of the equalizer for despreading the output of the equalizer. 

Brief Description Of The Drawings 

30 [0024] The following detailed description is by way of example only and makes reference to the accompanying draw- 
ings, which are now briefly described. 

FIG. 1 depicts a CDMA downlink transmission system in which the same wireless channel is used for transmission; 

35 FIG. 2 depicts a CDMA downlink transmission system in which different wireless channels are used for transmis- 

sion; 

FIG. 3 shows a block diagram of a conventional Rake receiver; 
40 FIG. 4 shows a block diagram of a conventional equalization receiver; 

FIG. 5 shows a block diagram of processing units within an equalizer module of FIG. 4; 

FIG. 6 shows a Rake receiver applying common pilot/control channel cancellation according to a first embodiment; 

45 

FIG. 7 shows a Rake receiver applying common pilot/control channel cancellation according to a second embod- 
iment; 

FIG. 8 shows an equalization receiver with common pilot/control channel cancellation according to a third embod- 
so iment; 

FIG. 9 shows an equalization receiver with common pilot/control channel cancellation according to a fourth em- 
bodiment; 

55 FIG. 1 0 shows a Rake receiver applying common pilot/control channel cancellation according to a fifth embodiment; 

FIG. 11 shows an equalization receiver with common pilot/control channel cancellation according to a sixth em- 
bodiment; 
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FIG. 12 shows short channelization codes used in a conventional Mini-Max equalization technique; 

FIG. 13 shows short channelization codes used in an improved Mini-Max equalization technique; 

FIG. 14 shows short channelization codes used in the conventional Mini-Max equalization technique of FIG. 12 
employed in the equalization receiver of FIG. 8, 9, or 11 ; 

FIG. 15 shows short channelization codes used in the improved Mini-Max equalization technique of FIG. 13 em- 
ployed in the equalization receiver of FIG. 8, or 9, or 11 ; and 

FIG. 16 provides a BER performance comparison for various downlink equalization techniques. 
Detailed Description 

[0025] Embodiments of the invention are described hereinafter in consideration of the foregoing need for improved 
receivers such as Rake and equalizer receivers for CDMA downlink transmission in consideration of the foregoing 
problems or disadvantages inherent in conventional Rake or equalizer receivers or methods therefor, and in particular, 
for achieving power savings, capacity enhancement, and throughput increment for CDMA downlink transmission. 
[0026] Embodiments of the invention include CDMA receiver structures and methods for CDMA downlink transmis- 
sion, for example Rake receivers with CPICH/CCPCH signal cancellers, equalization receivers with CPICH/CCPCH 
signal cancellers, and Mini-Max equalization techniques applying CPICH/CCPCH signal cancellation. 
[0027] The advantages provided are manifold. The CIPCH/CCPCH signal canceller provides a broad spectrum of 
applications, including applications in Rake receivers and equalization receivers. Other advantages include achieve- 
ments in power savings, capacity enhancement, and throughput increment in relation to CDMA downlink transmission 
[0028] The Mini-Max symbol equalizer with the CPICH/CCPCH signal canceller affords further advantages. Being 
different from the traditional Rake receiver, which requires almost equal transmitted powers for both near and far mobile 
stations, the Mini-Max symbol equalizer receivers are applicable when the transmitted power of a transmitted signal 
intended for a mobile station is much weaker than that required for the transmitted power relating to other mobile 
stations. Therefore, when the mobile station is close to the base station, the transmitted power for the mobile station 
may be greatly reduced as compared with the case involving the conventional Rake receiver. Alternatively, by increasing 
the transmitted power for near mobile stations, high modulation scheme may be used to improve the throughput of the 
near mobile stations. With the increase of data rate for CDMA downlink transmission, the Mini-Max symbol equalizer 
receiver is well suited for applications in a "wireless" Internet and a wireless multimedia communications system. 
[0029] For simplicity and brevity purposes, the embodiments of the invention are described hereinafter in relation to 
equal rate downlink transmissions. However, this does not preclude the embodiments from being applicable to multi- 
rate downlink transmissions using MC or OVSF spreading schemes and other multi-rate downlink transmissions. 
[0030] FIG.1 shows a block diagram of a conventional CDMA downlink transmission system, in which all downlink 
spread signals in the common channels CPICH 102, CCPCH 104, and various dedicated channels DTCHs 106, are 
summed and transmitted as a transmitted signal through the same wireless channel 1 07. 

[0031] T $ and T c are denoted as symbol and chip intervals, respectively, in the conventional CDMA downlink trans- 
mission system. The processing gain is G = TJT a and there are G sets of orthogonal short channelization codes If 
there are N users that share the same cell or sector, then there are (A/+2) channels including N DTCHs 1 06, the CPICH 
1 02 and CCPCH 1 04. Each channel is allocated a set of short channelization codes. 

[0032] Let s cp (k) and s cc (k) be modulated symbol-level data symbols, or data symbols embedded in the CPICH 1 02 
and CCPCH 104, respectively. These data symbols convey information to be shared by all mobile stations within the 
same cell or sector. s cp (k) and s cc (k) are, respectively, spread by the spreading codes, c cp {n), and c cc (n), corresponding 
to the CPICH 102 and CCPCH 104, respectively, generating the spread chip-level signals, or spread signals x (n) 
andx^/7), the values of which are as follows for n = 0,1,..., ' ° p 

*»(*|G + ii l ) = x v (* l ;» l ) i ^(A: l ;/i 1 ) = ^(* I )c <?) (« l ), k x =0,1,..., and n x = 0,...,G-1 

* ec (k l G + n l ) = x cc (k l ;n l ) y x^k^n,) = ^ (A, , *, =0,1,..., and «, =0,...,G-1 

[0033] Let s{k){l = 0.1....A/-1) be the modulated symbol-level data symbols, or data symbols embedded in an Ah 
DTCH 106L. These data symbols convey information to be transmitted to a corresponding Ah mobile station sj(k) is 
spread using the spreading codes, crfn), corresponding to the Ah DTCH, thereby generating the chip-level signals or 
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spread signal, x/n), the values of which are as follows for n = 0,1 



x / (t J G + /i l ) = x / (^ 1 ;« l ), 5 r / (A: l ;n I ) = 5 / (A: l )c / (rt l ), *, =0,1,..., and /i, =0,...,G-1 



5 



[0034] The spread signals in the CPICH 102, CCPCH 104 and DTCHs 106 are then summed up to generate the 
transmitted signal x(n), which is represented by 



is [0035] Since the information conveyed by the CPICH 102 and CCPCH 104 is to be used by all mobile stations in 
the same cell or sector, the data symbols transmitted by these common channels are detectable by all mobile stations 
within the same cell or sector. On the other hand, the information conveyed by a specific DTCH is dedicated to the 
corresponding mobile station only. Pre-processing technology, such as downlink beamforming technology being ap- 
plied at the base stations, may be used to make sure that the DTCH's spread signal is transmitted to the mobile station 

20 while limiting any interference pollution which affects other mobile stations. 

[0036] FIG .2 illustrates a block diagram of another conventional CDMA downlink transmission system in which spread 
signals in the CPICH 202 and CCPCH 204 are summed and transmitted as a transmitted signal through a wireless 
channel 207A, while the spread signal in a particular DTCH 206, for example DTCH(0) 206, arrives at a corresponding 
CDMA receiver separately as another transmitted signal through a wireless channel 207B because of the use of a 

25 beamformer BF(0). In spreader units 1 08 and 208 of both CDMA downlink transmission systems shown in Figs.1 and 
2, respectively, spreading processes are carried out in which long scrambling codes (LC), which are common for all 
mobile stations within the same cell or sector, and short orthogonal codes (C(/c;n)), each of which is unique to each 
Mh communication channel, are multiplied with data symbols to be transmitted in each kth communication channel to 
form the spread signals. In the CDMA downlink transmission system of FIG. 2, each DTCH 206 is assigned a dedicated 

30 downlink beamformer in which the corresponding spread signal is multiplied with a beamforming weight consisting of 
a complex number. The different beamforming weights are chosen such that the spread signal in each DTCH 206 is 
transmitted to each corresponding mobile station while limiting any interference pollution to the other mobile stations. 
The beamformer outputs from each DTCH 206 are then combined by a combiner 212, the outputs of which are then 
transmitted using multiple antenna elements 214. With the addition of downlink beamformers, each DTCH 206 spread 

35 signal arrives at a CDMA receiver in the corresponding mobile station through a different wireless channel. For example, 
a wireless channel 207B provides the transmission medium by which the spread signal corresponding to DTCH(0) 
206A is transmitted from the base station to the CDMA receiver. 

[0037] There may be many tall obstacles such as buildings and hills situated between the base station and a mobile 
station, and a wireless channel is therefore well modeled as a wide-sense stationary uncorrected scattering (WSSUS) 

40 channel. In the CDMA downlink transmission system shown in FIG.1 , a transmitted signal arrives at a mobile station 
as several time-delayed, amplitude-scaled variants of the transmitted signal along multiple paths in the wireless chan- 
nel. The CDMA receiver resolves the multipath wireless channel into several paths which convey these multipath 
signals known as rays, the time delays of which are multiples of a spread signal chip interval 7"^ and each ray is subject 
to statistically independent Rayleigh fading. The resolved ray with time delay x represents a group of multipath signals 

^5 with time delays over an interval [x - T c l 2, x + TJ2]. If there is only one resolved ray, a frequency non-selective fading 
channel is observed. However, if there is more than one resolved ray, the wireless channel is called a frequency selective 
fading channel, whose impulse responses may be represented in complex form as: 



w 



*00 = £ X l 00 + X <p (») + X cc 00 
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55 where <U0 and i m are the path gain and time delay of the mth path, respectively, with 
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;:>Mf]=i. 



one slot, the received signal is represented by 

m-\ 

y{n) = ^a m x(n-p m ) 

where p m = u is the maximum ^m* *" W£ d as the desired signals to be 

[00391 Without loss of generality, data symbols of the 0 DTOH, ^k), 

detected by the mobile station. omnlnu Rake cornb i ne r to coherently combine the 

[0040] A conventions CDMA receiver in a mob.le stafton '^T^^^^^^^ CDMA downlink 
despreadoutputs obtained fromdelayed rays determmed by ^^^^^^ ^ ^ 3M. sna 

^te mobile station receiving transmitted signals in « ^^^^K^rc^ channe.s, 

[0041] The cell search •^-^*^^^2S5 SSXK channel (S-SCH), and the com- 
namely a primary-synchron,zat,on channel (P-SCH) and ^ seconaa^ y jn ^ Qf 

and DTCH spread signals are transmitted ^^^^^^^^^^^.h,^, because of the 
performs path search based on a dedicated ^^^^^^^Sb6 for other mobile stations in 

l^^ 

Soir=^ 

search subsystem 306. Thus the performance of he g^^^SESSi and the CPICH and CCPCH. 
as well as the strength of Mnmwon ' ^^^^SSSS search and detection of a broadcasting 
[0044] It is important to note that the CPICH and CCPCH a e use consid ered as interference to the 

channel (BCH) only. Therefore, the spread signals in the CPICH and CCPUH are con* 

41 2 - , • „ Ann thP rpii searcher 402 receives from a CDMA downlink system received 

[0046] In the equalization receiver 400, the cell NrtW rece MrreSDOnding ray s, and retrieves therefrom 
signals using multiple antennas that may employ oversampl ng ^^n SeX operates, and parameters 
long scrambling codes relating to a cel. o, mjjow - J S^SSSX'SJiSS codes retrieved by the 
relating to cell and frame synchronization. The code generator ™« us '"9 nn *, i2ation ^own as spreading 
ceHseLher 402, generates a combina^ 

codes relating to the common channels CPICH, CCPOH ana I tne c °"^ » scrambling and short channeli- 
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over-sampling. 

[0046] For simplicity, it is assume that M receiver antennas without employing oversampling are used to obtain M 
physical channels, the received signals of which are described as 

5 

L-l 

y } (n) = x{n) * h j (n) + h>, (n) = £ A, (p)x(n - p) -f Wj (n) 

io where "*" denotes the convolution operation, and w f {n) is the additive white Gaussian noise (AWGN) received at the 
ylh antenna. 

[0049] In the equalizer 409 there are M linear FIR filters 502, g } {n) t each corresponding to a physical channel with 
response hj{n). During operation, a received signal received via a physical channel j is passed to a corresponding FIR 
filter 502 of length Q thereby producing a filtering output z y {n), where 

15 

zj («) = yj («) * gj («) = 2^ 8 j ( * ~ & 

20 

[0050] A signal combiner 504 then sums the output from each FIR filter 502, generating a signal z(n) for further 
processing by the despreader 408. Equalizer coefficients used in the equalizer 409 may be obtained, for example by 
minimizing the difference, applying the minimum mean-square-error (MMSE) optimization criterion, between the overall 
equalization output z(n) and delayed variant of the transmitted signal, x(n - u), where u is known as the reference 
25 timing. The path searcher 406 provides the reference timing required by the equalizer 409 during operation. 

[0051] The despreader 408 then despreads the output of the equalizer 409 using the foregoing spreading codes 
allocated to the mobile station. The signal detector 412 then recovers from the output of the despreader 408 data 
symbols in the mobile station. 

[0052] It is also important to note that the CPICH and CCPCH are useful used for cell search and detection of a 
30 broadcasting channel (BCH) only. Therefore, the spread signals in the CPICH and CCPCH codes are considered as 
interference to the path searcher 406 and equalizer 409. 

Rake receiver with CPICH/CCPCH signal cancellation 

35 [0053] FIG. 6 shows a block diagram of a Rake receiver 600 in a mobile station, having a CPICH/CCPCH signal 
canceller 607 according to a first embodiment of the invention. The Rake receiver 600 consists of two major compo- : 
nents, namely the CPICH/CCPCH signal canceller 607, and a Rake combiner 610. Other components include a cell 
searcher 602, a code generator 604, a path searcher 606, despreaders 608, and a signal detector 612. The path 
searcher 606 and a channel response estimator in the path searcher 606 or Rake combiner 61 0 perform path search 

40 and channel response estimation, respectively, based on the common channel CPICH in the received signal. Thus the 
Rake receiver 600 is well suited for applications where spread signals for the common channels CPICH and CCPCH 
spread are transmitted together with spread signals in the dedicated channel DTCH through the same wireless channel. 
[0054] A received signal y(n) and any corresponding rays are provided to the cell searcher 602 for processing, the 
output of which is then processed by the code generator 604. The output of the code generator 604 is in turn processed 

45 by the path searcher 606, CPICH/CCPCH signal canceller 607, and despreaders 608. The output of the path searcher 
606 is provided to the CPICH/CCPCH signal canceller 607, despreaders 608 and Rake combiner 610. The received 
signal y(n) is also provided to the path searcher 606 and CPICH/CCPCH signal canceller 607. The cell searcher 602 
performs cell search based on the CPICH and CCPCH, and provides parameters relating to slot synchronization, frame 
synchronization and long scrambling codes. A typical slot synchronization parameter is the time delay x 0 for the first 

so arrived ray. With the long scrambling codes acquired by cell searcher 602, the code generator 604 then generates a 
combination of long scrambling codes and short channelization codes, or spreading codes, for the CPICH and CCPCH 
and the DTCH dedicated to the mobile station. The code generator 604 then provides such data to the path searcher 
606, CPICH/CCPCH signal canceller 607, and the despreaders 608. A The path searcher 606, which performs path 
search based on data symbols in the CPICH detects the tjme decays, x 0 , t^, for several dominant paths or rays 

55 and the corresponding instantaneous channel responses, ot^ . The path searcher 606 then provides such data 

to the CPICH/CCPCH signal canceller 607 and despreaders 608. Based on the outputs provided by the code generator 
604 and path searcher 606, the CPICH/CCPCH signal canceller 607 performs cancellation of the CPICH and CCPCH 
spread signals from the received signal. 
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[0055] Since information relating to the CPICH and CCPCH is acquired by and known to the mobile station after the 
cell search and BCH detection, the MMSE optimization criterion may be easily applied to cancel the CPICH and CCPCH 
spread signals from the received signal. For example, the CPICH may be used to estimate the channel responses, 
with which the CPICH and CCPCH spread signals may then be cancelled from the received signal. 
[0056] A CPICH/CCPCH signal cancellation method is described in detail hereinafter. Since data symbols s cp (k) for 
the CPICH are known to the Rake Receiver 600, data symbols s^k) for CCPCH are detectable by the Rake Receiver 
600, and spreading codes c cp (n) and c cc (n) for the CPICH and CCPCH, respectively, are known to the Rake Receiver 
600, the CPICH/CCPCH signal canceller 607 is able to reconstruct the chip-level components for the CPICH and 
CCPCH. The reconstructed spread signals, x cp {n) and x cc (n), for the CPICH and CCPCH are as follows: 



*„(*iG + "i) ss * < p(*i;«i). (*i ;»i ^(ii,), *, =0,l,...,and n x =0,...,G-1 



x C c&iG + n i ) = x cc (k i ;n l ) 9 x.ftin,) = ^toKcto) » K =0,1,..., and n % = 0,...,G-1 

A A A 

[0057] Also, since the time delay parameter p m = L xm/T^ and instantaneous channel responses a m have been 
detected by path searcher, the CPICH/CCPCH signal canceller 607 is able to remove the CPICH and CCPCH com- 
ponents from the received signal, y(n), thereby a y(n) yielding CPICH/CCPCH-cancelled signal as follows: 



y{n) = y(n) - - Pj -£<*.*,(« - pj 

m=0 m=0 



[0058] If the time delay and instantaneous channel responses are well estimated and the CPICH/CCPCH spread 
signals are reconstructed accurately, the CPICH/CCPCH-cancelled signal then consists only of the DTCH components, 
which is: 



M-l N-l 

K*) = 2X2>,(*-p m ) 

[0059] The despreaders 608 then with the CPICH/CCPCH-cancelled signal provided by the CPICH/CCPCH signal 
canceller 607 and outputs from the code generator 604 and path searcher 606 performs despreading by using the 
resolved paths obtained by the path searcher 606 based on the CPICH/CCPCH-cancelled signalftn) provided by the 
CPICH/CCPCH signal canceller 607 and making use of the time delay and channel estimates earlier obtained. The 
Rake combiner 610 then coherently combines the despread outputs of the despreaders 608, the output of which is 
then processed by the signal detector 612. 

[0060] FIG.7 shows a block diagram of a Rake receiver 700 in a mobile station, having a CPICH/CCPCH signal 
canceller 707 according to a second embodiment of the invention. The Rake receiver 700 consists of two major com- 
ponents, namely the CPICH/CCPCH signal canceller 707, and a Rake combiner 71 0. Other components include a cell 
searcher 702, a code generator 704, path searchers I and II 706A and 706B, despreaders 708, and a signal detector 
712. The path searcher II 706B and a channel response estimator in the path searcher II 706B or Rake combiner 710 
perform path search and channel response estimation, respectively, based on dedicated pilot symbols in a CPICH/ 
CCPCH-cancelled signal pre-processed by the CPICH/CCPCH signal canceller 707. Thus the Rake receiver 700 is 
well suited for applications where the spread signals in the common channels CPICH and CCPCH and the spread 
signals in the dedicated channel DTCH are transmitted through different wireless channels. 

[0061] A received signal y(n) and any corresponding rays are provided to the cell searcher 702 for processing, the 
output of which is then processed by the code generator 704. The output of the code generator 704 is in turn processed 
by the path searchers I and II 706A and 706B, CPICH/CCPCH signal canceller 707, and despreaders 708. The output 
of the path searcher I 706A is provided to the CPICH/CCPCH signal canceller 707 and the output of the path searcher 
II 706B is provided to the despreaders 708 and Rake combiner 710. The received signal y(n) is also provided to the 
path searcher I 706A and CPICH/CCPCH signal canceller 707. The cell searcher 702 performs cell search based on 
the CPICH and CCPCH, and provides parameters relating to slot synchronization, frame synchronization and long 
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scrambling codes. With the long scrambling codes acquired by cell searcher 702, the code generator 704 then gen- 
erates a combination of long scrambling and short channelization codes, or spreading codes, for the CPICH and CCP- 
CH and the DTCH dedicated to the mobile station. The code generator 704 then provides such data to the path search- 
ers I and II 706A and 706B, CPICH/CCPCH signal canceller 707, and despreaders 708. The path searcher I 706A, 

5 which r^ceives^ the received signal and performs path search based on data symbols in the CPICH detects th£ time 

Relays, t 0 t^, for several dominant paths or rays and the corresponding instantaneous channel responses, c^, 

a M-v Tne P atn searcher I 706A then provides such data to the CPICH/CCPCH signal canceller 707. Based on the 
parameters provided by the code generator 704 and the path searcher I 706A, the CPICH/CCPCH signal canceller 
707 performs cancellation of the CPICH code from the received signal. 

w [0062] Details of the CPICH/CCPCH signal cancellation method described with reference to FIG. 6 is incorporated 
herein for providing an example of the operation of the CPICH/CCPCH signal canceller 707. 

[0063] The path searcher II 706B performs path search based on pilot symbols embedded in data symbols in the 
dedicated DTCH and the CPICH/CCPCH - cancelled signal^(n) provided by the CPICH/CCPCH signal canceller 707. 
The despreaders 708 then with the CPICH/CCPCH - cancelled signal provided by the CPICH/CCPCH signal canceller 

'5 707 and outputs from the code generator 704 and path searcher II 706B perform dispreading by using the resolved 
paths obtained by the path search II 706B based on the CPICH/CCPCH-cancelled signal provided by the CPICH/ 
CCPCH signal canceller 707 and making use of the time delay and channel estimates earlier obtained. The Rake 
combiner 71 0 also provides time alignment for each despread output before combining these outputs. The Rake com- 
biner 710 then coherently combines despread outputs with information provided by the path searcher II 706B, the 

20 output of which is then processed by the signal detector 712. 

[0064] In the frame structure proposed in the 3GPP for the common channel CCPCH, the spread signals in the 
synchronization channels P-SCH and S-SCH are not processed with long scrambling codes, and thus are not orthog- 
onal to other downlink communication channel spread signals that are processed with long scrambling codes. This 
non-orthogonality degrades performance relating to the detection of data symbols in the dedicated channel DTCH. 

25 However, with CPICH/CCPCH signal cancellation, there is no longer a non-orthogonality problem. Thus the perform- 
ance relating to the detection of the DTCH data symbols may be greatly improved. 

Equalization receiver with CPICH/CCPCH signal cancellation 

30 [0065] Alternatively, the CPICH/CCPCH signal cancellation method may be applied to equalization-based CDMA 
downlink receivers. 

[0066] FIG. 8 shows a block diagram of an equalization receiver 800 in a mobile station, having a CPICH/CCPCH 
signal canceller 807 according to a third embodiment of the invention. The equalization receiver 800 consists of two 
major components, namely the CPICH/CCPCH signal canceller 807 and an equalizer 809. Other components include 
35 a cell searcher 802, a code generator 804, a path searcher 806, a despreader 808, and a signal detector 812. The 
path searcher 806 performs path search and channel response estimation based on data symbols in the common 
channel CPICH in one or more received signals. Thus the equalization receiver 800 is well suited for applications where 
spread signals in the common channels CPICH and CCPCH are transmitted together with spread signals in the ded- 
icated channels DTCH. 

40 [0067] One or more received signals and any corresponding rays are provided to the cell searcher 802 for processing, 
the output of which is then processed by the code generator 804 and path searcher 806. The output of the code 
generator 804 is in turn processed by the path searcher 806, equalizer 809, and despreaders 808. The output of the 
path searcher 806 is provided to the CPICH/CCPCH signal canceller 807 and equalizer 809. One or more received 
signals are also provided to the path searcher 806, while all received signals, y 0 (n) y/^i( n ). are provided to CPICH/ 

45 CCPCH signal canceller 807. The cell searcher 802 performs cell search based on spread signals in the common 
channels CPICH and CCPCH, and provides parameters relating to slot synchronization, frame synchronization and 
long scrambling codes. With the long scrambling codes acquired by the cell searcher 802, the code generator 804 
then generates a combination of long scrambling and short channelization codes, or spreading codes, for the CPICH 
and CCPCH and the DTCH dedicated to the mobile station and other DTCHs required by the equalizer 809. The code 

so generator 804 then provides such data to the path searcher 806, CPICH/CCPCH signal canceller 807, despreader 
808, and equalizer 809. The path searcher 806, which performs path search based on data symbols in the CPICH and 
detects several dominant paths or rays and the corresponding instantaneous channel responses. The path searcher 
806 then provides such data to the CPICH/CCPCH signal canceller 807 and equalizer 809. Based on the outputs 
provided by the code generator 804 and path searcher 806, the CPICH/CCPCH spread signals canceller 807 performs 

55 cancellation of the CPICH and CCPCH signal from the received signals, thereby generating CPICH/CCPCH-cancelled 
signals, nt*) y*M- 

[0068] The CPICH/CCPCH signal canceller 807, code generator 804 and path searcher 806 provide input to the 
equalizer 809. Details of the CPICH/CCPCH signal cancellation method described with reference to FIG. 6 is incorpo- 
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rated herein for providing an example of the operation of the CPICH/CCPCH signal canceller 807. 
[00691 In the equalizer 809, there are M chip signals which are the CPICH/CCPCH - cancelled signal- 
ed,) ?„_,(„) and there are M linear finite impulse response (FIR) filters, each of which corresponding to each 

CPICH/CCPCH - cancelled signal. During operation, each chip signal corresponding to each CPICH/CCPCH-cancelled 
signal passes into a corresponding FIR filter gin) of length Q thereby yielding an output response z/n). A s.gnal com- 
biner in the equalizer 809 then processes these responses into a signal z(n) for further processing by the despreader 
808 The path searcher 806 provides reference timing required by the equalizer 809 during operation. The despreader 
808 then performs despreading on the equalizer 809 output using spreading codes for the mobile station. The signal 
detector 812 then uses the despreader 808 outputs to recover data symbols intended for the mobile station. 
[0070] FIG. 9 shows a block diagram of an equalization receiver 900 in a mobile station, having a CPICH/CCPCH 
signal canceller 907 according to a fourth embodiment of the invention. 

[00711 The equalization receiver 900 consists of two major components, namely the CPICH/CCPCH signal canceller 
907 and an equalizer 909. Other components include a cell searcher 902, a code generator 904, path searchers I and 
II 906A and 906B, a despreader 908, and a signal detector 91 2 

[0072] One or more received signals and any corresponding rays are provided to the cell searcher 902 for processing, 
the output of which is then processed by the code generator 904, path searcher I 906A and path searcher II 906B. The 
output of the code generator 904 is in turn processed by the path searchers I and II 906A and 906B, CPICH/CCPCH 
signal canceller 907, despreaders 808. and equalizer 809. The output of the path searcher I 906A is provided to the 
CPICH/CCPCH signal canceller 907 and equalizer 909, and the output of the path searcher II 906B is provided to the 
equalizer 909 One or more received signals are also provided to the path searcher I 906A, while all received signals 
are provided to the CPICH/CCPCH signal canceller 907. The cell searcher 902 performs cell search based on spread 
signals in the common channels CPICH and CCPCH, and provides parameters relating to slot synchronization, frame 
synchronization and long scrambling codes. With the long scrambling codes acquired by the cell searcher 902, the 
code generator 904 then generates a combination of long scrambling and short channelization codes, or spreading 
codes for the CPICH and CCPCH and the DTCH dedicated to the mobile station and other DTCHs required by the 
equalizer 909 The code generator 904 then provides such data to the path searchers I and II 906A and 906B, CPICH/ 
CCPCH signal canceller 907, despreader 908, and equalizer 909. The path searcher I 906A, wh.ch receives one or 
more received signals, performs path search based on data symbols in the CPICH and detects several dominant paths 
or rays and the corresponding instantaneous channel responses. The path searcher I 906A then provides such data 
to the CPICH/CCPCH signal canceller 907 and equalizer 909. Based on the spreading codes provided by the code 
qenerator 904 and time delay and instantaneous channel responses provided by the path searcher I 906A, the CPICH/ 
CCPCH signal canceller 907 performs cancellation of the CPICH and CCPCH spread signals from the received signals, 
thereby yielding CPICH/CCPCH - cancelled chip signals, ^„(n) Jv-,(») • 

[0073] Details of the CPICH/CCPCH signal cancellation method described with reference to FIG. 6 is incorporated 
herein for providing an example of the operation of the CPICH/CCPCH signal canceller 907. 

[0074] The path searcher II 906B receives slot synchronization information from the cell searcher 902 and performs 
path search and channel response estimation based on pilot symbols embedded in data symbols in the dedicated 
DTCH and one or more CPICH/CCPCH-cancelled signals providing by the CPICH/CCPCH signal canceller 907. 
r0075] The CPICH/CCPCH signal canceller 907, code generator 904 and path searcher II 906B provide input to the 
equalizer 909 In equalizer 909, there are M chip signals which are the CPICH/CCPCH - cancelled outputs, and there 
are M linear finite impulse response (FIR) filters, each of which corresponding to each CPICH/CCPCH-cancelled s.gnal. 
During operation, each chip signal corresponding to each CPICH/CCPCH cancelled signal passes into a corresponding 
FIR filter g/n) of length O thereby yielding an output response z,<n). A signal combiner in the equalizer 909 then proc- 
esses these responses into a signal z(n) for further processing by the despreader 908. The path searcher II 906B 
provides reference timing required by the equalizer 909 during operation. The despreader 908 then performs despread- 
ing on the equalizer 909 output using spreading codes for the mobile station. The signal detector 912 then uses the 
despreader 908 outputs to recover data symbols intended for the mobile station. 

[0076] When a mobile station is within a soft handover area, two or more base stations may transmit the same set 
of data symbols to such a mobile station simultaneously. Each base station employs a different set of long scrambling 
codes and same or different set of short channelization codes. In the cell search process, the mobile station is able 
to acquire two or more sets of long scrambling codes relating to the base stations that are close to the mobile station. 
The mobile station then uses the spreading codes corresponding to each base station to recover data symbols trans- 
mitted from that base station. After that, all detected data symbols are finally coherently combined to provide a better 
detection performance for the mobile station. 

[0077] The CPICH/CCPCH signal cancellation method may also be applied in the foregoing soft handover scenario. 
For purposes of exemplifying such an application, operations where two base stations 0 and 1 connecting with a mobile 
station are described with reference to Figs. 10 and 11. ^ 1 „ 1J ,„_ D „ L . . . 

[0078] FIG.1 0 shows a block diagram of a Rake receiver 1 000 in a mobile station, having a CPICH/CCPOH signal 
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canceller for soft handover applications according to a fifth embodiment of the invention. The Rake receiver 1000 
consists of a cell searcher 1002, a code generator and path searcher 1 1 005A for a base station 0, a Rake combiner I 
101 OA for the base station 0, a code generator and path searcher II 1005B for a base station 1, Rake combiner II 
1 01 OA for the base station 1 , a CPICH/CCPCH canceller 1 007, a base station (BS) combiner 1 01 1 and a signal detector 
1012. 

[0079] A received signal y(n) and any corresponding rays are provided to the cell searcher 1 002 for processing, the 
output of which is then processed by the code generator and path searcher I 1005A for the base station 0 (BS0) and 
the code generator and path searcher I1 1 005B for the base station 1 (BS1 ). The output of the code generator and path 
searcher 1 1 005A is provided to the CPICH/CCPCH signal canceller 1 007 and Rake combiner 1 1 01 OA, while the output 
of the code generator and path searcher II 1005B is provided to the CPICH/CCPCH signal canceller 1007 and Rake 
combiner I1 1 01 0B. The received signal y(n) is also provided to the code generators and path searchers I and II 1 005A 
and 1 005B and the CPICH/CCPCH signal canceller 1 007. The cell searcher 1 002 performs cell search based on spread 
signals in the common channels CPICH and CCPCH, and provides parameters relating to slot synchronization, frame 
synchronization and long scrambling codes of two base stations BS0 and BS1 . A typical slot synchronization parameter 
is the time delay for the first arrived ray for each base station. The code generator and path searcher 1 1 005A generates 
a combination of long scrambling codes and short channelization codes, or spreading codes, for the CPICH and CCPCH 
and the DTCH dedicated to the mobile station in relation to the BS0, and performs path search based on data symbols 
in the CPICH, and detects the time delays for several dominant paths or rays and the corresponding instantaneous 
channel responses from the BS0 to the mobile station. The code generator and path searcher II 1005B generates a 
combination of long scrambling codes and short channelization codes, or spreading codes, for the CPICH and CCPCH 
and the DTCH dedicated to the mobile station in relation to the BS1 , and performs path search based on data symbols 
in the CPICH, and detects the time delays for several dominant paths or rays and the corresponding instantaneous 
channel responses from the BS1 to the mobile station. Based on the outputs provided by the code generator and path 
searcher I 1005A and code generator and path searcher II 1005B, the CPICH/CCPCH signal canceller 1007 performs 
cancellation of the CPICH and CCPCH spread signals from both base stations using the received signal. The CPICH/ 
CCPCH-cancelled signal is then passed to the Rake combiner 1 101 OA and Rake combiner I1 101 0B. The BS combiner 
coherently combines the outputs from the Rake combiner I 101 OA and Rake combiner II 101 0B, the output of which 
is provided to the signal detector 1012. The signal detector 1012 then recovers data symbols in the dedicated DTCH 
from the BS combiner 1011 output. 

[0080] Since information relating to the common channels CPICH and CCPCH is acquired by and known to the 
mobile station after the cell search and BCH detection, the MMSE criterion may be easily applied to cancel the CPICH 
and CCPCH spread signals from the received signal. For example, the CPICH may be used to estimate the channel 
responses, with which the CPICH and CCPCH spread signals may then be cancelled from the received signal. 
[0081] A CPICH/CCPCH signal cancellation method for soft handover application is described in detail hereinafter. 
The transmitted signals from each base station x< 1 )(/i) and x< 2 )(n) may be expressed as: 



where x <m) (n), x* m) {n) and x* m) (n) are spread signals in the CPICH, CCPCH and an /th user, respectively, corresponding 
to an mfn base c station (m = 1,2). The spread signals )l m) {n), >f m) (n) and x< m) (n) are obtained by spreading data 
symbols, s {m) (k), s {m) {k) and s (m) (/c), with the corresponding spreading coc/es, which are the combination of long 
scrambling c 6odes a^d short channelization codes, for the mth base station. For soft handover applications, the 0 th 
DTCHs of both base stations dedicated to the mobile station are used to carry the same data symbols Sq(/c) to the 
mobile station. 

[0082] The channel responses from each base station to the mobile station are respectively 
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h m ( t ,r)= 5>»<0*(r-!j») 

where 



and T W m are the path gain and time delay of the rrrth path, respectively, from the /cth base station with 

and is the number of resolved rays from the /cth base station to the mobile station. 
[0083] The channel responses are constant within the observation interval, 

= «!*>• 

The received signal is expressed as: 



where p 0) =: L t^/T^j and p (2) = L x^/T^i 

[0084] T~he mobile station 'is thenTequired to recover the 0 th DTCH's data symbols s^/c). 

[0085] Since the data symbols in the CPICH and CCPCH of the two base stations are detectable by the Rake receiver 
1 000 and the spreading codes for the CPICH and CCPCH are acquired by the Rake receiver 1 000, the CPICH/CCPCH 
signal canceller 1007 is able to reconstruct the chip-level components for the CPICH and CCPCH of the two base 
stations in which ^ k) (n) and / k) {n) are the reconstructed ^spread^ignals in the CPICH and CCPCH corresponding to 
the /cth base station? Also, since c the time delay parameter, p {k) = L and instantaneous channel responses, a {k \ 

have been detected by the code generators and path searchers I and II 1005A and 1005B or channel response esti- 
mators in the path searchers or Rake combiners, the CPICH/CCPCH signal canceller 1007 is able to remove the 
CPICH and CCPCH components from the received signal y(n) yielding a CPICH/CCPCH - cancelled signal 

y(n) 

as follows: 



A£M A/<"-l M^-t 

m=m- I&*>-p~)- Z«(»-a- ZW(«-^> 

m=0 m=0 m=0 

[0086] If the time delay and instantaneous channel responses are well estimated and the CPICH/CCPCH spread 
signals are reconstructed accurately, the CPICH/CCPCH-cancelled signal then consists only of the DTCH components 
from both base stations. That is to say, 
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5 

[0087] In this case, the CPICH/CCPCH-cancelled signals may be used to recover data symbols embedded in the 
dedicated DTCH from each base station. 

[0088] FIG. 11 shows a block diagram of an equalizer receiver 1100 in a mobile station, having a CPICH/CCPCH 
10 signal canceller 1 1 07 for soft handover applications according to a sixth embodiment of the invention. The equalization 
receiver 1100 consists of cell a searcher 1102, a code generator and path searcher I 1105A for a base station 0, an 
equalizer 1 1 1 09A for the base station 0, a code generator and path searcher 1111 05B for a base station 1 , an equalizer 
II 1109B for the base station 1, the CPICH/CCPCH canceller 1107, a base station (BS) combiner 1111, and a signal 
detector 1112. 

15 [0089] One or more received signals y 0 (n) y^in) and any corresponding rays are provided to the cell searcher 

1102 for processing, the output of which is then processed by the code generator and path searcher I 11 05A for base 
station 0 (BS0) and the code generator and path searcher 1111 05B for the base station 1 (BS1 ). The output of the code 
generator and path searcher I 1105A is provided to the CPICH/CCPCH signal canceller 1107 and equalizer I 1109A, 
while the output of the code generator and path searcher II 1105B is provided to the CPICH/CCPCH signal canceller 

20 1 1 07 and equalizer 1111 09B. The received signals y 0 (n),..., y^^n) are also provided to the code generators and path 
searchers I and II 1105A and 1105B and the CPICH/CCPCH signal canceller 1107. The cell searcher 1102 performs 
cell search based on spread signals in the common channels CPICH and CCPCH, and provides parameters relating 
to slot synchronization, frame synchronization and long scrambling codes of the two base stations BS0 and BS1. A 
typical slot synchronization parameter is the time delay for the first arrived ray for each base station. The code generator 

25 and path searcher I 1105A generates a combination of long scrambling codes and short channelization codes, or 
spreading codes, for the CPICH and CCPCH and the DTCH dedicated to the mobile station in relation to the BS0, and 
performs path search based on data symbols in the CPICH and detects the time delays for several dominant paths or 
rays and the corresponding instantaneous channel responses from the BS0 to the mobile station. The code generator 
and path searcher II 1150B generates a combination of long scrambling codes and short channelization codes, or 

30 spreading codes, for the CPICH and CCPCH and the DTCH dedicated to the mobile station in relation to the BS 1, 
and performs path search based on the data symbols in CPICH, and detects the time delays for several dominant 
paths or rays and the corresponding instantaneous channel responses from the BS1 to the mobile station. Based on 
the outputs provided by the code generator and path searcher 1 11 05A and code generator and path searcher II 11 05B, r 
the CPICH/CCPCH signal canceller 1107 performs cancellation of the CPICH and CCPCH spread signals from both 

35 base stations using the received signal. The CPICH/CCPCH - cancelled signal is then passed to the equalizer 1 1 1 09A 
and equalizer 1111 09B. The BS combiner 1111 coherently combines the outputs from the equalizer 1 1 1 09A and equalizer 
1111 09B. The signal detector 1112 then recovers data symbols in the dedicated DTCH from the BS combiner 1111 output. 
[0090] Details of the CPICH/CCPCH signal cancellation method for soft handover application described with refer- 
ence to FIG. 10 is incorporated herein for providing an example of the operation of the CPICH/CCPCH canceller 1107. 

40 

Mini-Max equalization with CPICH/CCPCH code cancellation 

[0091] Further embodiments of the invention are described hereinafter in relation to the Mini-Max symbol equalizer 
based on the constrained minimum output energy criterion. 

45 [0092] The conventional Mini-Max equalization technique is based on the criterion that, with perfect ZF equalization, 
despreading using spreading codes of a mobile station should recover the mobile station data symbols, while the result 
of despreading using any unused spreading codes should be null. Therefore, the technique involves the generation of 
equalization coefficients by minimizing the total power of despread outputs based on the unused spreading codes, and 
maximizing the power of the despread output based on the spreading codes of the mobile station. 

so [0093] Spreading codes used in relation to the conventional Mini-Max equalization technique are shown in FIG. 12. 
With reference to FIGS. 12 to 15, the term "codes" refer to short channelization codes since long scrambling codes 
are common to all mobile stations within the same cell or sector. The used codes, which are designed for use when 
required in mobile stations for despreading, and unused codes, which are not used at all by any mobile stations for 
despreading, form the whole set of orthogonal codes in a cell or sector. The used codes consist of active codes inclusive 

55 of codes assigned to the common channels CPICH and CCPCH and codes assigned to active mobile stations, and 
inactive codes assigned to inactive mobile stations. The codes used in relation to a maximization constraint consist of 
the active codes assigned to the common channels and active mobile stations, while the codes used in relation to a 
minimization constraint consist of the unused codes. The mobile stations with conventional Mini-Max equalizers need 
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to acquire information relating to the unused codes, which is not only difficult, but also impossible when the CDMA 
downlink transmission system is fully loaded, since there are no unused codes in that case. 

[0094] An enhanced Mini-Max equalization technique involves the minimization of the total power of the despread 
outputs from the unused codes, and maximization of the total power from all orthogonal codes. The codes used in 

5 relation to the enhanced Mini-Max equalization technique are shown in FIG. 13, in which the codes relating to the 
minimization constraint are the unused codes while the codes relating to the maximization constraint are all orthogonal 
codes. With this minimization constraint, IFI may be minimized, as well as the power for the undesired path, while with 
all orthogonal codes relating to the maximization constraint, the power for the desired path is maximised. With the use 
of ail short channelization codes for the maximization constraint, an enhanced Mini-Max equalizer possesses a higher 

io working SNR than a conventional Mini-Max equalizer. The enhanced Mini-Max equalizer thus yields better ZF equal- 
ization results than the conventional Mini-Max equalizer, especially when the transmitted power for the mobile station 
is much weaker than that for other mobile stations. 

[0095] A Mini-Max equalizer according to a seventh embodiment of the invention employs a combination of the 
CPICH/CCPCH signal cancellation method described with reference to Fig. 6 and the enhance Mini-Max equalization 
15 receiver. With CPICH/CCPCH signal cancellation, the codes assigned to the CPICH and CCPCH are thus considered 
as unused codes. 

[0096] FIG. 14 shows codes used in the conventional Mini-Max equalization technique employed in the equalizer 
receiver with CPICH/CCPCH signal cancellation. The codes relating to the maximization constraint are the codes 
assigned to the mobile station, while those relating to the minimization constraint are the codes assigned to the CPICH 
20 and CCPCH. 

[0097] FIG. 15 shows codes used in the enhanced Mini-Max equalization technique employed in the equalizer re- 
ceiver with CPICH/CCPCH signal cancellation. The codes relating to the maximization constraint are all orthogonal 
codes, while those relating to the minimization constraint are the codes assigned to the CPICH and CCPCH. This is 
common for all users within the same cell or sector, and may be used to simplify the complexity of the receiver structure. 
25 [0098] When transmission diversity is used at the base station, multiple Mini-Max equalizers employing the improved 
Mini-Max equalization technique and/or CPICH/CCPCH code cancellation may also be applied with the help of multiple 
antennas. 

Computer simulations 

30 

[0099] Computer simulation and results therefrom are described hereinafter for comparing the various equalization 
techniques with reference to FIG. 16. A DS-CDMA downlink transmission is simulated with Walsh codes of length 16 
(PG = 16). Binary phase shift keying (BPSK) random codes are used as long scrambling codes. The codes for the 
common channel CPICH and dedicated channel DTCH for a mobile channel occupy the first and second sets of codes. 
35 The total number of mobile stations, including the CPICH, is denoted as K. Each slot consists of four quadrature phase 
shift keying (QPSK) pilot symbols and 60 QPSK informational data symbols. 1 000 slots are transmitted to evaluate 
the average BER performance, each of which possesses an independent set of static fading channels. The four pilot 
symbols are used to recover the phase information for coherent detection. 

[0100] In the computer simulations, the background noise spectrum density NO of the mobile station is first fixed, 
to followed by varying the transmitted powers for different channels such that the transmitted Eb/NO for the CPICH code 
is 33 dB, and the transmitted Eb/NO for other DTCH codes are all 30 dB. The transmitted power for the dedicated 
DTCH code is varied according to the Eb/NO values. The path gain for the mobile station is 1 . The reason for choosing 
such high transmitted powers for the CPICH code and other DTCH codes is that it is an objective to determine the 
robustness of the enhanced Mini-Max equalization technique in relation to the near-far problem. In fact, the average 
45 received Eb/NO for the mobile stations close to the cell boundary may be very small. 

[0101] Two reception antennas are used to acquire transmitted signals. Each channel follows a three-path model, 
each path is delayed by one chip, and modeled as an independent Rayleigh fading channel. Received signals are first 
passed to two linear finite-impulse-response (FIR) equalizers, followed by a combiner, and in turn followed by a de- 
spreader. 

so [0102] It is assumed that the CPICH and other DTCH codes are transmitted through different channels. To achieve 
this, all DTCH codes are assumed to be transmitted through the same physical channel, while for the CPICH code, 
the channel responses are same as those for DTCH codes, except that the first tap coefficient has 1 80 degree phase 
difference from that of DTCH codes. 

[0103] The following equalization techniques are compared: 

55 

1 . Mini-Max algorithm proposed by Li and Liu (LL algorithm) in a paper entitled "A new blind receiver for downlink 
DS-CDMA communications", IEEE Communications Letters, vol.3, No.7, pp.1 93-195, July 1999; 
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2. Pilot-aided symbol equalization (Pilot equalization) proposed by F. Petre, M. Moonen, M. Engels, B. Gyselinckx 
and H. Man in a paper entitled "Pilot-aided adaptive chip equalizer receiver for interference suppression in DS-CD- 
MA forward link", Proc. of VTC-FaH'2000, 2000, in which a pilot channel is used to update the equalization coeffi- 
cients, which are then used to equalize the dedicated channel; 

5 

3. Rake receiver (Rake), where the performance of the Rake receiver is used for comparison; 

4. Improved Mini-Max equalization algorithm with CPICH code cancellation (New algorithm), in which all codes 
are used to construct the maximization constraint, while the short channelization codes assigned to the CPICH is 

w used for minimization constraint; and 

5. Dedicated channel MMSE equalization (MMSE), in which a dedicated channel is equalized using MMSE criterion 
assuming the data for the dedicated channel is known completely, where the BER performance of this method 
serves as the lowest boundary for comparison purpose. 

15 

[0104] To evaluate the performance of the CPICH signal cancellation and improved Mini-Max techniques simulta- 
neously, K is set at 16, i.e., the CDMA downlink transmission system is fully loaded. In this case, the LL algorithm is 
not applicable since there are no unused codes. However, with the CPICH signal cancellation technique, the channeli- 
zation code for the CPICH is used as an unused code, thus the new algorithm is still applicable to the CDMA downlink 
20 transmission system. 

[0105] FIG. 16 shows the average BER performance with respect to the transmitted Eb/NO of the mobile station for 
different algorithms. The following is observed from the simulation results shown in FIG. 16: 

1 . Due to the strong interference, the Rake receiver completely fails to work; 

25 

2. Since the CPICH and other DTCH codes are transmitted through different physical channels, the pilot equali- 
zation method does not provide good equalization for the DTCH code; 

3. The LL algorithm fails to work since there are no unused codes available; and 

30 

4. Even though the CDMA downlink transmission system is fully loaded, the new algorithm is still applicable to 
CDMA downlink transmission system. 

[0106] In the foregoing manner, receiver structures and methods for CDMA downlink transmission, namely Rake 
35 receivers with CPJCH/CCPCH signal cancellers, equalization receivers with CPICH/CCPCH signal cancellers, and -y 
Mini-Max equalization technique applying CPICH/CCPCH signal cancellation are described for addressing the need ^ 
for achieving power savings, capacity enhancement, and throughput increment for CDMA downlink transmission. Al- 
though only a number of embodiments of the invention are disclosed, it will be apparent to one skilled in the art in view 
of this disclosure that numerous changes and/or modification can be made without departing from the scope and spirit 
of the invention. 

[0107] In view of the foregoing description of particular embodiments of the invention it will be appreciated by a 
person skilled in the art that various additions, modifications and alternatives thereto may be envisaged. 
[0108] The scope of the present disclosure includes any novel feature or combination of features disclosed therein 
either explicitly or implicitly or any generalisation thereof irrespective of whether or not it relates to the claimed invention 

45 or mitigates any or all of the problems addressed by the present invention. The applicant hereby gives notice that new 
claims may be formulated to such features during the prosecution of this application or of any such further application 
derived therefrom. In particular, with reference to the appended claims, features from dependent claims may be com- 
bined with those of the independent claims and features from respective independent claims may be combined in any 
appropriate manner and not merely in the specific combinations enumerated in the claims. 

so [0109] For the avoidance of doubt, the term "comprising" used in the description and claims should not be construed 
to mean only "consisting only of. 



Claims 

55 

1. A code division multiple access downlink receiver for providing wireless communication between a base station 
and a mobile station in which the receiver is implemented, the receiver comprising: 
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a cell searcher for receiving at least one signal from the base station and retrieving therefrom a common code 
relating to a cell; 

a code generator for generating a set of common and dedicated codes relating to at least one communication 
channel using the output of the cell searcher; 

a first path searcher for receiving the at least one signal and performing a search for multiple paths by which 
the at least one signal arrives at the receiver; and 

a canceller for canceling data in the at least one communication channel from the at least one signal based 
on the output of the code generator and first path searcher. 

2. The receiver as in claim 1 , wherein the canceller removes the data in the at least one communication channel from 
the at least one signal. 

3. The receiver as in claim 2, wherein the canceller reconstructs the data in the at least one communication channel 
based on the output of the code generator and first path searcher. 

4. The receiver as in claim 3 wherein the canceller applies the minimum mean-square-error optimization criterion. 

5. The receiver as in claim 4, wherein the canceller uses channel responses obtained by the receiver in relation to 
the multiple paths by which the at least one signal arrives at the receiver. 

6. The receiver as in claim 1 , wherein the at least one communication channel is a common channel in the cell. 

7. The receiver as in claim 1 , further comprising a channel response estimator for estimating channel responses in 
relation to the multiple paths by which the at least one signal arrives at the receiver. 

8. The receiver as in claim 7, wherein the first path searcher performs the search for multiple paths and estimate 
channel responses therefor based on the at least one communication channel. 

9. The receiver as in claim 8, further comprising a second path searcher for receiving the output of the canceller and 
performing a search for multiple paths therewith. 

10. The receiver as in claim 1 , further comprising at least one despreader for receiving the outputs of the canceller 
and code generator for dispreading the output of the canceller. 

11. The receiver as in claim 10, further comprising a Rake combiner for receiving the output of the at least one de- 
spreader and combing the despread output. 

12. The receiver as in claim 1, further comprising an equalizer for receiving the output of the canceller and code 
generator for equalizing the output of the canceller. 

1 3. The receiver as in claim 1 2, further comprising a despreader for receiving the output of the equalizer for despreading 
the output of the equalizer. 

14. The receiver as in claim 13, wherein the equalizer generates equalization coefficients based on the minimization 
of the total power of the despread output in relation to unused dedicated codes and maximization of the power of 
the despread output in relation to a dedicated code relating to the mobile station. 

1 5. The receiver as in claim 1 4, wherein the equalizer generates the equalization coefficients based on the minimization 
of the power of the despread output in relation to a dedicated code relating to the at least one communication 
channel. 

16. The receiver as in claim 13, wherein the equalizer generates equalization coefficients based on the minimization 
of the total power of the despread output in relation to unused dedicated codes and maximization of the total power 
of the despread output in relation to all orthogonal dedicated codes in the cell. 

17. The receiver as in claim 1 6, wherein the equalizer generates the equalization coefficients based on the minimization 
of the power of the despread output in relation to a dedicated code relating to the at least one communication 
channel. 
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18. A code division multiple access downlink reception method for providing wireless communication between a base 
station and a mobile station in which a receiver employing the method is implemented, the method comprising the 
steps of: 

5 receiving using a cell searcher at least one signal from the base station and retrieving therefrom a common 

code relating to a cell; 

generating using a code generator a set of common and dedicated codes relating to at least one communication 
channel using the output of the cell searcher; 

receiving using a first path searcher the at least one signal and performing a search for multiple paths by which 
10 the at least one signal arrives at the receiver; 

canceling using a canceller data in the at least one communication channel from the at least one signal based 
on the output of the code generator and first path searcher; 

receiving using an equalizer the output of the canceller and code generator for equalizing the output of the 
canceller; and 

15 receiving using a despreader the output of the equalizer for despreading the output of the equalizer. 

19. The method as in claim 18, wherein the step of equalizing using the equalizer comprises the step of generating 
equalization coefficients based on the minimization of the total power of the despread output in relation to unused 
dedicated codes and maximization of the power of the despread output in relation to a dedicated code relating to 

20 the mobile station, including the minimization of the power of the despread output in relation to a dedicated code 

relating to the at least one communication channel. 

20. The method as in claim 18, wherein the step of equalizing using the equalizer comprises the step of generating 
equalization coefficients based on the minimization of the total power of the despread output in relation to unused 

25 dedicated codes and maximization of the total power of the despread output in relation to all orthogonal dedicated 

codes in the cell, including the minimization of the power of the despread output in relation to a dedicated code 
relating to the at least one communication channel. 

30 
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